Abstract: An estimation method of source location of undesired electromagnetic wave from electronic devices by using the MUSIC algorithm is proposed. The MUSIC algorithm can estimate the direction of arrival accurately, however, the estimation error is large in the case of short range multiple coherent sources. In order to overcome this problem, a method to improve the estimation accuracy is presented. Experimental results show that the proposed method can reduce the maximum estimation error from 7 cm of the conventional method to 2 cm.
1.Introduction
Estimation technique of source locations of undesired electromagnetic radiation is important for suppression of EMI problems. A method for estimation of the source locations by using the MUSIC algorithm [1] with the Spatial Smoothing Preprocessing (SSP) [2] has been proposed by the present authors, where the distance between the source and observation is less than several wavelengths and incident waves are spherical waves rather than the plane waves [3, 4] . However, it has been also pointed out that the estimation accuracy is deteriorated in the case of multiple coherent sources.
In this paper, an estimation method using hypothetical incoherent sources to improve the accuracy is proposed. Experimental results of the estimation of the source locations are also described to demonstrate the validity of the proposed method.
Estimation method using hypothetical source
The estimation accuracy of the source locations using the MUSIC algorithm with the SSP depends on the correlation among the sources in the case of the multiple sources, and the estimation error for the coherent sources is larger than that for the incoherent sources. Therefore, the estimation accuracy can be improved if the coherent sources are regarded as the incoherent sources. In order to treat the coherent source as the incoherent source, hypothetical incoherent sources are assumed. The received signals radiated by the hypothetical sources are calculated and are used for the estimation of source locations. Fig. 1 illustrates the concept of the proposed method, where (a) shows the conventional method and (b) is the proposed method. Fig. 2 shows the process of the proposed method. The initial values of the estimated source locations are obtained by using the measured field distribution from real sources and the conventional method as shown in Fig. 1(a) . In step 1 in Fig. 2 , hypothetical sources are assumed at the initial source locations. The radiated field from the assumed incoherent sources is calculated assuming random phases. The measured signal from real sources is again used as the data of the first snap shot. In the second and the third snap shots, received signals from the hypothetical sources are calculated and used as shown in Fig. 2 , where the phases of sources in the second snap shot are different from those in the third snap shot. By using the process described above, the estimated locations in step 1 are obtained as shown in Fig. 1(b) . In step 2, the hypothetical sources are located at the positions estimated in step 1. The same process is repeated and the estimated source location approaches the real locations.
3.Estimation of multiple source locaitons
In order to confirm the validity of the proposed method, experimental investigation was performed. Fig. 4 shows the experimental setup installed in an anechoic chamber. Loop antennas were used as the continuous wave (CW) source at 2.45 GHz. The distance between the source plane, on the loop antennas are located, and the scanning plane of the receiving antenna is R = 61.2 cm (5 λ). Number of elements of the array antenna is 5×5. The spacing of array elements is d = 5.5 cm (0.45 λ).
In the actual experiment, a single dipole antenna was scanned and located at the positions of the array elements shown in Fig. 3 instead of the plane array antenna. Fig. 5 shows the block diagram for the measurement. The amplitude and the phase of the received voltage were measured by a network analyzer. Measurements were repeated 50 times at each observation point and mean values of these 50 data were used for the estimation of the source location. It is assumed that the location of the source plane is known. By using the MUSIC algorithm, the direction of arrival (DOA) of the electromagnetic wave can be estimated and the unknown location of the source can be determined by the DOA and the location of the source plane.
Estimation of the source location for two loop Step 2 Signal Measurment Hypothetical θ 1 Hypothetical θ 1
Estmated 2 θ 2
Snap shot 1 2 3
Step antennas was performed experimentally. Table 1 shows the locations of loop antennas. The CW signal generated by a signal generation was divided by a power divider and fed to two loop antennas. Fig. 6 shows the estimation error of the proposed method as a function of the step number of the iteration described in chapter 2. The estimation error decreases as the step number increases and is less than 2 cm when N S = 10. Fig. 7 and Fig. 8 show the MUSIC spectrum for case 1 and case 2, respectively. In each figure, (a) shows the results of the conventional MUSIC with SSP and (b) shows the results of the proposed method when the step number is N S = 10.
For case 1, the MUSIC spectrum of the proposed method is almost the same to that of the conventional method because the estimation error of the conventional method is sufficiently small. On the other hand, the estimation error is much reduced by using the proposed method and is less than 2 cm as can be seen in Fig. 6 and Fig. 8 , where the error of the conventional method is 7 cm. Thus, the validity and the effectiveness of the proposed method is confirmed.
Conclusion
A method to improve the estimation error of locations of multiple sources using the MUSIC algorithm and the SSP has been proposed. Experimental results show that the error of 7 cm in the conventional method can be reduced to 2 cm confirming the validity of the proposed method. 
